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(57) ABSTRACT

An object table has a lifting mechanism to displace an object
from a support surface. The lifting mechanism includes one
or more elongated rods extending 1n a direction substantially
perpendicular to the support surface to support the object at
a distance from the support surface, the one or more elon-
gated rods being displaceable between positions below the
support surface and protruding from the support surface. The
mechanism further includes a locking mechanism config-
ured to limit a rotation about a longitudinal axis of the one
or more elongated rods. The locking mechanism 1ncludes an
clastic element that 1s mechanically connected to both a
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housing of the lifting mechanism and the one or more
clongated rods, the elastic element configured to have a
comparatively low stiflness in the support direction and a
comparatively high stifiness 1n a rotational direction about
the longitudinal axis.
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OBJECT TABLE, LITHOGRAPHIC
APPARATUS AND DEVICE
MANUFACTURING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s the U.S. national phase entry of PCT
patent application no. PCT/EP2015/069169, which was filed
on Aug. 20, 2015, which claims the benefit of priority of
European patent application no. 14184714.5, which was
filed on Sep. 15, 2014 and which 1s incorporated herein 1n 1ts
entirety by reference.

BACKGROUND

Field of the Invention

The present invention relates to an object table, a litho-
graphic apparatus and a method for manufacturing a device.

Description of the Related Art

A Ilithographic apparatus 1s a machine that applies a
desired pattern onto a substrate, usually onto a target portion
of the substrate. A lithographic apparatus can be used, for
example, 1n the manufacture of integrated circuits (ICs). In
such a case, a patterning device, which 1s alternatively
referred to as a mask or a reticle, may be used to generate
a circuit pattern to be formed on an individual layer of the
IC. This pattern can be transierred onto a target portion (e.g.
including part of, one, or several dies) on a substrate (e.g. a
silicon water). Transier of the pattern 1s typically via imag-
ing onto a layer of radiation-sensitive material (resist) pro-
vided on the substrate. In general, a single substrate waill
contain a network of adjacent target portions that are suc-
cessively patterned. Conventional lithographic apparatus
include so-called steppers, in which each target portion 1s
irradiated by exposing an entire pattern onto the target
portion at once, and so-called scanners, 1n which each target
portion 1s irradiated by scanming the pattern through a
radiation beam 1n a given direction (the “scanning”-direc-
tion) while synchronously scanning the substrate parallel or
anti-parallel to this direction. It 1s also possible to transfer
the pattern from the patterning device to the substrate by
imprinting the pattern onto the substrate.

Substrates are transported to a lithographic apparatus and
from, e.g. using handler robots which can hold a substrate
and transport it. Typically, substrates are thus transported
from one support (e.g. a shelf 1n a cassette or a substrate
table provided 1n a substrate handler) to another support (e.g.
a substrate table mounted to a positioning device 1nside the
lithographic apparatus)

In order to facilitate such a transfer from one support
position to another, a support, €.g. a substrate table, 1s
typically provided with a lifting mechanism enabling an
object that 1s supported by the support to be lifted, 1.e.
displaced 1n vertical direction (generally denoted as the
Z-direction), thus creating a spacing or gap between the
support and the object. By doing so, a hand or end eflector
of a handler robot can be inserted 1n said gap more easily, 1n
order to take over the object and transport the object to
another holder.

When such a lifting mechamism 1s used to lift a substrate
(in general, an object) from a support, care should be taken
to ensure that the object 1s only displaced 1n vertical direc-
tion. Typically, the horizontal position of an object on a
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support or support table 1s known and needs to be main-
tamned. Phrased differently, when a lifting mechanism 1s

used, either to lift an object upwards from a support position
on a support to a transier position where the object 1s picked
up by a robot hand or vice versa, this lifting or lowering of
the object has to be performed without displacing the object
in the horizontal direction or rotating the object about the
vertical direction. In order to avoid such displacement, care
should be taken that the lifting mechanism does not rotate
about the vertical axis during the lifting or lowering of the
object.

Typically, such a lifting mechanism comprises one or
more elongated members such as pins which protrude
through the support and which can be moved upward or
downward by means of an actuating mechanism or actuator.
In order to hold the object, the elongated members may e.g.
be configured to hold the object by means of vacuum
suction. In such arrangement, it 1s important to avoid or limit
a rotation of the elongated members about the vertical axis
because such a rotation could e.g. result 1n a deformation of
the object. Further, holding the object by means of vacuum
suction may be compromised in case of a rotation of the
clongated members.

Known arrangements of such lifting mechanism include
rather complex and bulky arrangements which may be
difficult to manufacture.

SUMMARY

It 1s desirable to provide 1n an object table having a lifting
mechamism wherein at least one of the aforementioned
problems 1s mitigated. Therefore, according to a first aspect
of the present invention, there i1s provided an object table
comprising;

a support surface configured to support an object;

a lifting mechanism configured to displace the object from
the support surface in a support direction substantially
perpendicular to the support surface, the lifting mecha-
nism comprising:
one or more elongated rods extending in the support

direction; the one or more clongated rods being
displaceable between a first position, wherein the
one or more elongated rods are positioned below the
support surface, and a second position, wherein the
one or more elongated rods protrude the support
surface through one or more apertures of the support
surface, to support the object at a distance from the
support surface;

a housing, at least partly enclosing the one or more
clongated rods;

a bearing configured to enable a substantially friction-
less displacement of the one or more elongated rods
between the first position and the second position;

an actuator configured to displace the one or more
clongated rods between the first position and the
second position;

a locking mechanism configured to limit a rotation
about a longitudinal axis of the one or more elon-
gated rods, the locking mechanism comprising an
clastic element that 1s mechamically connected to
both the housing and the one or more elongated rods,
the elastic element being configured to have a com-
paratively low stiflness 1n the support direction and
a comparatively high stiflness in a rotational direc-
tion about the longitudinal axis.

According to an embodiment of the invention, there is
further provided an object table comprising:
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a support surtace configured to support an object;
a lifting mechanism configured to displace the object from

the support surface in a support direction substantially

perpendicular to the support surface, the lifting mecha-

nism comprising:

one or more elongated rods extending in the support
direction; the one or more clongated rods being
displaceable between a first position, wherein the
one or more elongated rods are positioned below the
support surface, and a second position, wherein the
one or more elongated rods protrude the support
surface through one or more apertures of the support
surface, to support the object at a distance from the
support surface;

a housing, at least partly enclosing the one or more
clongated rods;

a bearing configured to enable a substantially friction-
less displacement of the one or more elongated rods
between the first position and the second position;

an actuator configured to displace the one or more
clongated rods between the first position and the
second position; and

a locking mechanism configured to limit a rotation
about a longitudinal axis of the one or more e¢lon-
gated rods, the locking mechanism comprising a self
aligning bearing, the self aligning bearing having a
first member connected to the elongated rod and a
second member, connected to the housing, co-oper-
ating with the first member to form the self aligning
bearing, the first member comprising a first bearing
surface and the second member comprising a second
bearing surface; the first and second bearing surface
being constructed and arranged to limit the rotation
about the longitudinal axis of the one or more
clongated rods, and wherein at least one of the first
and second bearing surfaces 1s displaceable to pro-
vide 1n a self-alignment of the first surface relative to
the second surface.

According to an embodiment of the invention, there 1s
provided a lithographic apparatus including an 1llumination
system configured to condition a radiation beam; a support
constructed to support a patterning device, the patterning
device being capable of imparting the radiation beam with a
pattern 1n 1ts cross-section to form a patterned radiation
beam; a substrate table constructed to hold a substrate; and
a projection system configured to project the patterned
radiation beam onto a target portion of the substrate, wherein
the support or the support table or both comprise an object
table according to the present invention for supporting, as
the object, the patterning device or the substrate or both.

According to an embodiment of the invention, there 1s
provided a device manufacturing method comprising pro-
jecting a patterned beam of radiation onto a substrate,
wherein the method further comprises the step of loading a
substrate onto an object table according to the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the mnvention will now be described, by
way ol example only, with reference to the accompanying
schematic drawings 1n which corresponding reference sym-
bols indicate corresponding parts, and in which:

FIG. 1 depicts a lithographic apparatus according to an
embodiment of the invention;

FIG. 2 depicts an object table and positioning device as
known 1n the art:
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FIGS. 3a and 35 depict a top view of a bearing arrange-
ment for limiting a rotation of an elongated rod of a lifting
mechanism about a longitudinal axis of the rod.

FIG. 4a depicts a cross-sectional view of a first embodi-
ment of a lifting mechanism as can be applied 1n an object
table according to the present invention.

FIG. 456 depicts a 3D view of a bended leaf spring as can
be applied as a flexible element 1n the first embodiment of
FIG. 4a.

FIGS. 5q and 556 depict a cross-sectional view of the first
embodiment of the lifting mechanism 1n a lower position
and an upper position.

FIGS. 6a and 65 depict a cross-sectional view of a second
embodiment of a lifting mechanism as can be applied 1n an
object table according to the present invention.

DETAILED DESCRIPTION

FIG. 1 schematically depicts a lithographic apparatus
according to one embodiment of the mmvention. The appa-
ratus 1ncludes an illumination system (1lluminator) IL con-
figured to condition a radiation beam B (e.g. UV radiation or
any other suitable radiation), a mask support structure (e.g.
a mask table) MT constructed to support a patterning device
(e.g. a mask) MA and connected to a first positioning device
PM configured to accurately position the patterning device
in accordance with certain parameters. The apparatus also
includes a substrate table (e.g. a water table) WT or “sub-
strate support” constructed to hold a substrate (e.g. a resist-
coated water) W and connected to a second positioning
device PW configured to accurately position the substrate 1n
accordance with certain parameters. The apparatus further
includes a projection system (e.g. a refractive projection lens
system) PS configured to project a pattern imparted to the
radiation beam B by patterming device MA onto a target
portion C (e.g. including one or more dies) of the substrate
W.

The illumination system may include various types of
optical components, such as refractive, reflective, magnetic,
clectromagnetic, electrostatic or other types of optical com-
ponents, or any combination thereof, for directing, shaping,
or controlling radiation.

The mask support structure supports, 1.e. bears the weight
of, the patterning device. It holds the patterming device 1n a
manner that depends on the orientation of the patterming
device, the design of the lithographic apparatus, and other
conditions, such as for example whether or not the pattern-
ing device 1s held in a vacuum environment. The mask
support structure can use mechanical, vacuum, electrostatic
or other clamping techmiques to hold the patterning device.
The mask support structure may be a frame or a table, for
example, which may be fixed or movable as required. The
mask support structure may ensure that the patterning device
1s at a desired position, for example with respect to the
projection system. Any use of the terms “reticle” or “mask™
herein may be considered synonymous with the more gen-
eral term “patterning device.”

The term “patterning device” used herein should be
broadly interpreted as referring to any device that can be
used to mmpart a radiation beam with a pattern in its
cross-section so as to create a pattern 1n a target portion of
the substrate. It should be noted that the pattern imparted to
the radiation beam may not exactly correspond to the desired
pattern 1n the target portion of the substrate, for example 1
the pattern includes phase-shifting features or so called
assist features. Generally, the pattern imparted to the radia-
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tion beam will correspond to a particular functional layer in
a device being created in the target portion, such as an
integrated circuit.

The patterning device may be transmissive or reflective.
Examples of patterning devices include masks, program-
mable minor arrays, and programmable LCD panels. Masks
are well known 1n lIithography, and include mask types such
as binary, alternating phase-shift, and attenuated phase-shaift,
as well as various hybrid mask types. An example of a
programmable minor array employs a matrix arrangement of
small mirrors, each of which can be individually tilted so as
to reflect an incoming radiation beam 1n different directions.
The tilted mirrors impart a pattern in a radiation beam which
1s reflected by the mirror matrix.

The term “projection system”™ used herein should be
broadly interpreted as encompassing any type of projection
system, 1ncluding refractive, retlective, catadioptric, mag-
netic, electromagnetic and electrostatic optical systems, or
any combination thereof, as appropriate for the exposure
radiation being used, or for other factors such as the use of
an 1immersion liquid or the use of a vacuum. Any use of the
term “projection lens” herein may be considered as synony-
mous with the more general term “projection system”.

As here depicted, the apparatus 1s of a transmissive type
(c.g. employing a transmissive mask). Alternatively, the
apparatus may be of a retlective type (e.g. employing a
programmable mirror array of a type as referred to above, or
employing a reflective mask).

The hithographic apparatus may be of a type having two
(dual stage) or more substrate tables or “substrate supports”
(and/or two or more mask tables or “mask supports™). In
such “multiple stage” machines the additional tables or
supports may be used in parallel, or preparatory steps may
be carried out on one or more tables or supports while one
or more other tables or supports are being used for exposure.

The lithographic apparatus may also be of a type wherein
at least a portion of the substrate may be covered by a liquid
having a relatively high refractive index, e.g. water, so as to
{11l a space between the projection system and the substrate.
An immersion liquid may also be applied to other spaces in
the lithographic apparatus, for example, between the mask
and the projection system. Immersion techniques can be
used to increase the numerical aperture of projection sys-
tems. The term “immersion” as used herein does not mean
that a structure, such as a substrate, must be submerged in
liquid, but rather only means that a liquid 1s located between
the projection system and the substrate during exposure.

Referring to FI1G. 1, the 1lluminator IL receives a radiation
beam from a radiation source SO. The source and the
lithographic apparatus may be separate entities, for example
when the source 1s an excimer laser. In such cases, the source
1s not considered to form part of the lithographic apparatus
and the radiation beam 1s passed from the source SO to the
illuminator IL with the aid of a beam delivery system BD
including, for example, suitable directing mirrors and/or a
beam expander. In other cases the source may be an integral
part of the lithographic apparatus, for example when the
source 1s a mercury lamp. The source SO and the 1lluminator
IL, together with the beam delivery system BD 1f required,
may be referred to as a radiation system.

The 1lluminator IL may include an adjuster AD configured
to adjust the angular intensity distribution of the radiation
beam. Generally, at least the outer and/or inner radial extent
(commonly referred to as o-outer and o-inner, respectively)
of the intensity distribution i1n a pupil plane of the 1llumi-
nator can be adjusted. In addition, the illuminator IL may
include various other components, such as an integrator IN
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and a condenser CO. The illuminator may be used to
condition the radiation beam, to have a desired uniformity
and intensity distribution in 1ts cross-section.

The radiation beam B 1s incident on the patterning device
(e.g., mask MA), which 1s held on the mask support structure
(e.g., mask table MT), and 1s patterned by the patterning
device. Having traversed the mask MA, the radiation beam
B passes through the projection system PS, which focuses
the beam onto a target portion C of the substrate W. With the
aid of the second positioning device PW and position sensor
IF (e.g. an interferometric device, linear encoder or capaci-
tive sensor), the substrate table WT can be moved accu-
rately, e.g. so as to position different target portions C 1n the
path of the radiation beam B. Similarly, the first positioning
device PM and another position sensor (which 1s not explic-
itly depicted in FIG. 1) can be used to accurately position the
mask MA with respect to the path of the radiation beam B,
¢.g. alfter mechanical retrieval from a mask library, or during
a scan. In general, movement of the mask table MT may be
realized with the aid of a long-stroke module (coarse posi-
tioning) and a short-stroke module (fine positioming), which
form part of the first positioning device PM. Similarly,
movement of the substrate table WT or “substrate support™
may be realized using a long-stroke module and a short-
stroke module, which form part of the second positioner PW.
In the case of a stepper (as opposed to a scanner) the mask
table M T may be connected to a short-stroke actuator only,
or may be fixed. Mask MA and substrate W may be aligned
using mask alignment marks M1, M2 and substrate align-
ment marks P1, P2. Although the substrate alignment marks
as 1llustrated occupy dedicated target portions, they may be
located 1n spaces between target portions (these are known
as scribe-lane alignment marks). Similarly, 1n situations 1n
which more than one die i1s provided on the mask MA, the
mask alignment marks may be located between the dies.

In order to facilitate the transport of the patterning device
and substrate to and from the respective support and support
table, the support or support table (or both) may include an
object table according to the present invention, the object

table including a lifting mechanism as described in more
detail below.

The depicted apparatus could be used 1n at least one of the
following modes:
1. In step mode, the mask table MT or “mask support” and
the substrate table WT or “substrate support” are kept
essentially stationary, while an entire pattern imparted to the
radiation beam 1s projected onto a target portion C at one
time (1.e. a single static exposure). The substrate table WT
or “substrate support” 1s then shifted in the X and/or Y
direction so that a different target portion C can be exposed.
In step mode, the maximum size of the exposure field limaits
the size of the target portion C mmaged in a single static
exposure.
2. In scan mode, the mask table MT or “mask support” and
the substrate table WT or “substrate support” are scanned
synchronously while a pattern imparted to the radiation
beam 1s projected onto a target portion C (1.e. a single
dynamic exposure). The velocity and direction of the sub-
strate table WT or “substrate support” relative to the mask
table MT or “mask support” may be determined by the
(de-)magnification and 1mage reversal characteristics of the
projection system PS. In scan mode, the maximum size of
the exposure field limits the width (in the non-scannming
direction) of the target portion 1n a single dynamic exposure,
whereas the length of the scanning motion determines the
height (1n the scannming direction) of the target portion.
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3. In another mode, the mask table MT or “mask support™ 1s
kept essentially stationary holding a programmable pattern-
ing device, and the substrate table WT or “substrate support™
1s moved or scanned while a pattern imparted to the radiation
beam 1s projected onto a target portion C. In this mode,
generally a pulsed radiation source 1s employed and the
programmable patterning device 1s updated as required after
cach movement of the substrate table WT or “substrate
support” or 1n between successive radiation pulses during a
scan. This mode of operation can be readily applied to
maskless lithography that utilizes programmable patterning,
device, such as a programmable mirror array of a type as
referred to above.

Combinations and/or variations on the above described
modes of use or entirely different modes of use may also be
employed.

FIG. 2 schematically depicts an object table and position-
ing device as known 1n the art.

FIG. 2 schematically shows an object table 100 having a
support surface 110 for supporting an object 120. Typically,
the support surface 110 1s configured to hold the object by
means of an attractive force, e.g. an electrostatic force or a
vacuum force. The support surface 110 may e.g. be substan-
tially flat or may be provided with a pattern or protrusions
or burls. As described above and schematically shown 1n
FIG. 2, the object table 100 1s mounted to a positioning
device 150 comprising a short-stroke module 150.1 and a
long stroke module 150.2. The short stroke module 150.1
may e.g. comprise a plurality of actuators such as electro-
magnetic or piezo-electric actuators for positioning the
object table 100 over a comparatively short stroke, e.g. less
than 1-3 mm. The long-stroke module 150.2 may e.g.
comprise one or more linear motors or a planar motor for
displacing the object table 100, along with the short-stroke
module over a comparatively large stroke, e.g. >3500 mm,
relative to a base 155 which can e.g. be part of an i1solated
base frame to which the object table and positioming device
are mounted. The object table 100 as schematically shown
turther includes a lifting mechanism 130 for lifting the
object 120 1n a direction substantially perpendicular to the
support surface 110, thereby creating or enlarging a gap 14
between the support surface 110 and the object 120. In the
arrangement as shown, the lifting mechanism 1s mounted to
the long-stroke module 150.2. The lifting mechanism 130 as
shown comprises elongated rods 160 which can be lifted and
lowered by an actuator 170, and which can protrude through
apertures 175, thus enabling displacing the object along the
direction 1ndicated by the arrow 180.

In case such an object table 100 1s used 1n a lithographic
apparatus, e.g. to support a substrate, 1t 1s important, for the
processing ol the substrate to be performed appropnately,
that the substrate, 1n general the object, 1s only displaced in
a direction substantially perpendicular to a plane defined by
the support surtace. Typically, the object table 1s mounted
such that the support surface has a horizontal orientation, the
lifting and lowering of the object thus occurring 1n a
substantially vertical direction.

When a substrate 1s moved from outside the lithographic
apparatus to a position on an object table, the substrate 1s e.g.
transported by a robot hand and placed on the elongated rods
160. In general, a position and orientation of the substrate (or
object) are determined prior to the substrate (or object) being
positioned on the object table. This process 1s e.g. performed
in a so-called substrate handler which may be used to
pre-align a substrate and may also be used for the thermal
conditioning of the substrate. When the position and orien-
tation of the substrate are known, a robot may accurately
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position the substrate on the elongated rods of the lifting
mechanism. This results 1n an accurate positioming of the
substrate relative to the object table, assuming that the
position of the object table 1s known and provided that the
lowering of the substrate onto the support surface 110 does
not cause a displacement of the substrate 1n the plane of the
support surface. In a subsequent process step, a substrate 1n
a lithographic apparatus 1s accurately aligned with a pat-
terning device by detecting the position of alignment marks
as e¢.g. mdicated above 1n relationship to FIG. 1. In order to
perform this alignment process eflectively, the position of
the substrate relative to the object table needs to be known.
It 1s therefore important that, during the lowering of the
substrate onto the support surface, the relative position of the
substrate and the object table (in the plane of the support
surface) 1s maintained as accurately as possible. It can
further be noted that the lowering and lifting of the substrate
should be performed without introducing any deformation to
the substrate. In order to realize this, it has been proposed to
configure the lifting mechanism such that a rotation of the
clongated rods about a longitudinal axis of the rods is
avoilded or at least limited. As a result of such a limitation
of the rotation of the rods of the lifting mechanism, the
object 1s substantially prohibited from rotating about the
vertical axis and, as a result, the horizontal position and
orientation of the object, relative to the object table, 1s
maintained.

In a known lifting mechanism, a set of substantially flat
bearings 1s used to limit or prohibit a rotation of the
clongated rod or rods about the longitudinal axis. A top-view
ol a possible arrangement of such bearings 1s schematically
shown 1n FIGS. 3a and 3b. FIG. 3a schematically shows a
top view of a bearing arrangement 300 as can be applied in
a known lifting mechanism. The bearing arrangement com-
prises 4 bearings pads 300.1-300.4 mounted to a member
310 of the lifting mechamism having a rectangular cross-
section, the bearing pads having a substantially flat surface
facing substantially flat surfaces of the housing 320 of the
lifting mechanism. An air or gas tlow can be provided 1n
between the facing surfaces, thus holding the member 320 1n
a substantially fixed position relative to the housing 310, 1n
the XY-plane. FIG. 3q further shows an elongated rod 330
of the lifting mechanism. FIG. 35 shows a cross-sectional
view along the cross-section AA of FIG. 3a and schemati-
cally shows the housing 320, the rectangular shaped member
310 including the bearing pads 300.2 and 300.3, the elon-
gated rod 330 and a cylindrical bearing 340 that 1s config-
ured to enable substantially frictionless displacement of the
clongated rod 330 relative to the housing 320 1n the vertical
direction.

Due to the use of the bearing arrangement as described, a
rotation of the elongated rod 1s, to a large extend, made
impossible. As a possible drawback however, the arrange-
ment as schematically shown in FIGS. 3a and 35 may be
difficult to manufacture; typically, the member 310 and the
clongated rod 330, including the bearing surfaces, are manu-
factured as a single piece on a single tool, in order to obtain
the required tolerances of the bearings. In this respect, 1t
should be noted that the upper bearing 340 (arranged
between the housing 320 and the rod 330) 1s a cylindrical
bearing 340, whereas the lower bearing (between the mem-
ber 310 and the housing 320) 1s a bearing having substan-
tially flat surfaces. It should further be noted that, for the
appropriate operation of the arrangement as shown, stringent
requirements need to be met with respect to flatness and
parallelism of the facing surfaces of the bottom bearing

tformed by bearing pads 300.1-300.4. It can further be noted
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that similar manufacturing 1ssues arise to manufacture the
housing which accommodates the elongated rod 330 and the
member 310.

FIG. 4a schematically shows a first embodiment of a
lifting mechanism as can be applied 1n an object table
according to the invention. The lifting mechanism as shown
comprises an elongated rod 400, at least partly enclosed by
a housing 410. A distance between the elongated rod and the
housing 1n the plane perpendicular to the longitudinal axis of
the rod 1s maintained by a bearing 420; the bearing being
configured to enable substantially frictionless displacement
ol the elongated rod relative to the housing in the vertical
direction, 1n general, the support direction. In the embodi-
ment as shown, the bearing 420 comprises a pair of cylin-
drical air bearings 420.1, 420.2. In the embodiment as
shown, the elongated rod 1s a hollow rod, whereby a supply
of air to the air bearings 1s provided via the iterior 430 of
the rod 400 towards the cylindrical surfaces 440.1, 440.2 of
the air bearings facing the interior 450 of the housing 410.

Note that alternative arrangements, whereby the air for the
air bearings 1s provided via the housing may be considered
as well.

The lifting arrangement as shown further comprises an
actuator 460 configured to displace the elongated rod rela-
tive to the housing 1n the vertical direction. As an example
of such an actuator, an electromagnetic actuator such as a
permanent magnet actuator or a reluctance type actuator can
be used. Such a permanent magnet actuator can e.g. com-
prise a coil assembly, e.g. mounted to the housing and a
permanent magnet assembly, mounted to the elongated rod.
The coil assembly can include one or more coils which can
be energized by an electric current, thus resulting in a force
being generated between the coil assembly and the perma-
nent magnet assembly. Other types of actuators such as
pneumatic or hydraulic types of actuators can be considered
as well.

In the embodiment as shown, the actuator 460 i1s arranged
in between the pair of bearings 420.1, 420.2 along the
longitudinal axis 470 of the rod 400. In such embodiments,
the actuator 460 can be considered to be enclosed by the pair
of bearings 420.1, 420.2, thus providing a shielded com-
partment for the actuator. In such an arrangement, the
outward flow of air applied by the air bearings hinders any
contamination such as particles from entering the shielded
compartment and aflecting the operation of the lifting
mechanism. In particular, in case an electromagnetic actua-
tor 1s used, metal particles could be attracted by the actuator
and damage the housing or the rod, when no measures are
taken. Enclosing the actuator by a pair of cylindrical air
bearings, as done in the embodiment shown, provides 1n an
cllective manner to avoid the entrance of particles in the
volume between the housing 410 and the elongated rod 400.

In order to limit or hinder a rotation of the elongated rod
400 about the longitudinal axis 470 of the rod 400, relative
to the housing 410, the lifting mechanism further comprises
a locking mechanism.

In the embodiment as shown, the locking mechanism
comprises an elastic element 480 that 1s mechanically con-
nected to both the housing 410 and the elongated rod 400,
the elastic element 480 being configured to have a compara-
tively low stiflness in the vertical direction (1.e. the Z-di-
rection) and a comparatively high stiflness 1n a rotational
direction about the longitudinal axis 470. In the embodiment
as shown, the elastic element 480 comprises a leal spring, 1n
particular a bended leaf spring. In the embodiment as shown,
the bended leat spring 1s mechanically mounted on one end
480.1 to an extension 490 of the elongated rod extending
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through an aperture 500 of the housing 410 and on the other
end 480.2 to an extension 510 of the housing 410. The
connections may €.g. be hinges, 1.e. pivotable connections or
substantially rigid connections.

FIG. 4b schematically shows a 3D view of a bended leat
spring as can be applied as the elastic element 480.

FIGS. 5a and 36 schematically show the embodiment of
FIG. 4, whereby the elongated rod 400 1s positioned 1n a
first, lower position, whereby the rod 1s below a support
(indicated by the dotted line 500) having a support surface
550, and 1n a second, upper position, whereby the elongated
rod 400 protrudes an aperture 520 through the support 560.

In an embodiment, the bended leaf spring 480 1s config-
ured to have an angle a (see FI1G. 4a)=90° when 1n a neutral
position, e.g. when the elongated rod 1s 1n a position half
way between the lower position and the upper position.

In an embodiment, end stops may be provided to define a
top position and a bottom position of the elongated rod 400
relative to the housing 410.

In an embodiment, the lifting mechamsm may further
comprise a position measurement system 530 for measuring
a position of the housing 410 relative to the one or more
clongated rods 400 1n the support direction. In an embodi-
ment, such a position measurement may e.g. mnclude a
grating 530.1, mounted to the elongated rod 410 and a sensor
530.2 mounted to the housing 410. A position signal of the
position measurement system 530 may e.g. be applied by a
position controller of the actuator 460 to control the position
of the elongated rod 400 relative to the housing 410.

As schematically shown in FIGS. 5q and 55, the housing
410 of the lifting mechanism may be mounted to the support
550, below the supporting surface 560. Alternatively, the
lifting mechanism as applied 1n a object table according to
the present invention may be mounted to a separate struc-
ture, e.g. a long-stroke positioning device to which the
object table 1s mounted, see e.g. FIG. 2. In such alternative
embodiment, the housing 410 of the lifting mechanism does
not contact the support 550.

FIGS. 6a and 65 schematically shows a second embodi-
ment of a lifting mechanism as can be applied 1n an object
table according to the present invention.

Similar to the embodiment of FIG. 4a, the lifting mecha-
nism as shown comprises an elongated rod 600, at least
partly enclosed by a housing 610. A distance between the
clongated rod 600 and the housing 1n the plane perpendicu-
lar to the longitudinal axis of the rod i1s maintained by a
bearing 620; the bearing being configured to enable sub-
stantially Irictionless displacement of the elongated rod
relative to the housing in the vertical direction, in general,
the support direction. In the embodiment as shown, the
bearing 620 comprises a pair ol cylindrical air bearings
620.1, 620.2. In the embodiment as shown, the elongated rod
600 1s a hollow rod, whereby a supply of air to the air
bearings 1s provided via the interior 630 of the rod 600
towards the cylindrical surfaces 640.1, 640.2 of the air
bearings facing the interior 650 of the housing 610. A supply
of air to the 1nterior 630 can e.g. be realized via an air supply
hose or the like.

In the embodiment as shown, the lifting mechanism
further comprises a self aligning air bearing 650. The self
aligning bearing 1s a gas type bearing comprising a {first
member 650.1 that 1s connected to the elongated rod 600
(via a hollow tube 6350.4 through which a gas (e.g. air) can
be supplied to the first member 650.1) and a second member
650.2 that 1s connected to the housing 610.

In the embodiment as shown, the first member 650.1
comprises a first, substantially flat, bearing surface 660 (see
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FIG. 6b) facing a second, substantially flat, bearing surface
670 of the second member 650.2. The first and second
bearing surfaces 660 and 670 are constructed and arranged
to limit the rotation about the longitudinal axis 680 of the
clongated rod 600. This can ¢.g. be realized by configuring
the sell aligning bearing as a pre-stressed gas bearing,
whereby an attractive force 1s generated between the facing
surfaces (e.g. an magnetic attractive force generated by
co-operation of a ferromagnetic element and a permanent
magnet member arranged in the first and second members
650.1 and 650.2) together with a repelling force, e.g. gen-
crated by an outward gas tlow, outward from the first bearing
surface 660 and towards the second bearing surface 670.

In accordance with the second embodiment, the first and
second bearing members 650.1 and 650.2 are configured to
self-align with each other. This can e.g. be realized by
providing that at least one of the first and second bearing
surtaces 660, 670 1s displaceable relative to the respective
clongated rod 600 and housing 610 to which they are
connected. In the embodiment as shown, this 1s realized by
mounting the first bearing member 650.1 in a pivotable
manner to the hollow tube 650.4. this can e.g. be done by
providing a tlexible sealing between the hollow tube 650.4
and the first bearing member 650.1, as e.g. shown 1n FIG. 65.

FIG. 6b schematically shows a top view of the embodi-
ment of FIG. 6a, along the line BB. FIG. 65 schematically
shows the elongated rod 600, the housing 610, the hollow
tube 650.4 to which the first bearing member 650.1 1s
mounted and the second bearing member 650.2. In the
embodiment as shown, the first and second bearing members
have facing surfaces 660 and 670 which operate as an air
bearing. By means of a gas flow towards the surtface 670 of
the second bearing member and an attractive force between
the first and second bearing member (e.g. generated by
means of one or more permanent magnets 672, e.g. embed-
ded 1n the second bearing member 650.2) a distance between
the first and second bearing member can be maintained. In
accordance with the embodiment shown, the bearing sur-
taces may self-align. This can e.g. be realized by a tlexible
mounting of the first bearing member 650.1 to the hollow
tube 650.4, ¢.g. by means of a sealing comprising a pair of
O-rings 690. By doing so, the first bearing member 650.1
may e.g., to some extend, pivot about the X-axis and the
Z-axis (perpendicular to the XY-plane), thus allowing a
self-alignment of the first surface 660 relative to the second
surtace 670. As a result, there are less stringent requirements
w.r.t. the parallelism of both bearing surfaces 660 and 670.
It should be noted that the flexible mounting, ¢.g. using the
pair of O-rings as shown, should be sufliciently flexible to
ecnable the bearing surfaces 660 and 670 to maintain this
parallelism.

In the arrangement as schematically shown i FIGS. 3a
and 3b, the bearing surfaces 300.1-300.4 (and the facing
surfaces of the housing 320) need to be substantially flat,
and, the bearing surfaces need to be substantially parallel to
the housing surfaces throughout the operating range (i.e. the
range of movement) of the lifting mechanism. Due to the
self-alignment of the mechanism shown 1n FIGS. 6a and 65,
the latter requlrement need not be met 1n this embodiment,
thus 1mproving the manufacturability of the housing, the
clongated rod and the bearing members 650.1 and 650.2. In
the embodiment as shown, both the pair of cylindrical air
bearings 620.1, 620.2 and the self-aligning bearing (650.1,
650.2) may be supplied by a common air supply. Although
in the above reference 1s made to “air’ to supply the bearings,
it will be understood that any other gas may also be suited
to supply the bearings as described.
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Further, as an alternative to the embodiment as shown 1n
FIGS. 6a and 65, an embodiment may be devised whereby
the facing surtface 670 of the first bearing member 650.1 1s,
to some extend, displaceable, e.g. pivotable about the X-axis
and/or the Z-axis, to provide in a self-alignment of the
bearing surfaces 660 and 670.

Similar to the embodiment described with respect to
FIGS. 4a-5b, the embodiment of FIGS. 6a and 65 can be
provided with a position measurement system and/or with
end stops defimng the extreme positions of the elongated rod
relative to the housing.

In an embodiment, the one or more elongated rods as
applied in the lifting mechanism may be provided at an end
portion facing the object to be supported, with attractive
means for attracting the object to the end portion. Examples
ol such attractive means may e¢.g. include the use of vacuum
suction or the use of electrostatic forces. These attractive
means may be used to hold the object when the object 1s
supported by the one or more elongated rods of the lifting
mechanism. In an embodiment, the object table according to
the present mvention 1s provided with at least three lifting
mechanism for lifting and lowering an object relative to a
support surface.

The object table according to the present mvention may
advantageously be applied 1n a lithographical apparatus to
facilitate 1n the positioning of substrates and/or patterning
devices. The lifting mechanism as applied ensures that the
object that 1s loaded or unloaded from the object table,
substantially maintains its position and orientation in the
plane parallel to the support surface. As a result, positional
information obtained during an earlier processing step, €.g.
a pre-alignment step, still remains valid after an object has
been lowered on the support surface of the object table.

In an embodiment, there 1s provided an object table
comprising: a support surface configured to support an
object; a lifting mechanism configured to displace the object
from the support surface in a support direction substantially
perpendicular to the support surface, the lifting mechanism
comprising: one or more elongated rods extending in the
support direction; the one or more eclongated rods being
displaceable between a first position, wherein the one or
more elongated rods are positioned below the support sur-
face, and a second position, wherein the one or more
clongated rods protrude the support surface through one or
more apertures of the support surface, to support the object
at a distance from the support surface; a housing, at least
partly enclosing the one or more elongated rods; a bearing
configured to enable a substantially frictionless displace-
ment of the one or more elongated rods between the first
position and the second position; an actuator configured to
displace the one or more elongated rods between the first
position and the second position; a locking mechanism
configured to limit a rotation about a longitudinal axis of the
one or more elongated rods, the locking mechanism com-
prising an e¢lastic element that 1s mechanically connected to
both the housing and the one or more elongated rods, the
clastic element being configured to have a comparatively
low stifiness 1n the support direction and a comparatively
high stifiness 1n a rotational direction about the longitudinal
axis.

In an embodiment, the elastic element comprises a leat
spring. In an embodiment, the leal spring 1s a bended leaf
spring.

In an embodiment, there 1s provided an object table
comprising: a support surface configured to support an
object; a lifting mechanism configured to displace the object
from the support surface in a support direction substantially
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perpendicular to the support surface, the lifting mechanism
comprising: one or more elongated rods extending in the
support direction; the one or more elongated rods being
displaceable between a first position, wherein the one or
more elongated rods are positioned below the support sur-
face, and a second position, wherein the one or more
clongated rods protrude the support surface through one or
more apertures of the support surface, to support the object
at a distance from the support surface; a housing, at least
partly enclosing the one or more elongated rods; a bearing
configured to enable a substantially frictionless displace-
ment of the one or more elongated rods between the first
position and the second position; an actuator configured to
displace the one or more elongated rods between the first
position and the second position; and a locking mechanism
configured to limit a rotation about a longitudinal axis of the
one or more ¢longated rods, the locking mechanism com-
prising a self aligning bearing, the self aligning bearing
having a first member connected to the elongated rod and a
second member, connected to the housing, co-operating with
the first member to form the self aligning bearing, the first
member comprising a first bearing surface and the second
member comprising a second bearing surface; the first and
second bearing surface being constructed and arranged to
limit the rotation about the longitudinal axis of the one or
more elongated rods, and wherein at least one of the first and
second bearing surfaces 1s displaceable to provide i a
self-alignment of the first surface relative to the second
surface.

In an embodiment, the bearing and the self aligning
bearing are gas bearings, having a common gas supply. In an
embodiment, the bearing includes a pair of cylindrical gas
bearings arranged along the longitudinal axis, and wherein
the actuator 1s arranged 1n between the pair of cylindrical air
bearings, along the longitudinal axis. In an embodiment, the
actuator 1s an electromagnetic actuator comprising a coil
assembly mounted to the housing and a permanent magnet
assembly mounted to the one or more elongated rods. In an
embodiment, the lifting mechanism further comprises a
position measurement system for measuring a position of the
housing relative to the one or more elongated rods 1n the
support direction. In an embodiment, an end portion of the
one or more elongated rods 1s configured to hold the object
by means of vacuum suction.

In an embodiment, there 1s provided a lithographic appa-
ratus comprising: an 1llumination system configured to con-
dition a radiation beam; a support constructed to support a
patterning device, the patterning device being capable of
imparting the radiation beam with a pattern in 1ts cross-
section to form a patterned radiation beam; a substrate table
constructed to hold a substrate; and a projection system
configured to project the patterned radiation beam onto a
target portion of the substrate, wherein the support and/or
the substrate table comprises an object table as described
herein for supporting the respective patterning device and/or
the substrate.

In an embodiment, there 1s provided a device manufac-
turing method comprising projecting a patterned beam of
radiation onto a substrate, wherein the method further com-
prises the step of loading a substrate onto an object table as
described herein. Although specific reference may be made
in this text to the use of lithographic apparatus in the
manufacture of ICs, 1t should be understood that the litho-
graphic apparatus described herein may have other applica-
tions, such as the manufacture of integrated optical systems,
guidance and detection patterns for magnetic domain memo-
ries, flat-panel displays, liquid-crystal displays (LCDs), thin-
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film magnetic heads, etc. The skilled artisan will appreciate
that, 1n the context of such alternative applications, any use
of the terms “wafer” or “die” herein may be considered as
synonymous with the more general terms “substrate” or
“target portion”, respectively. The substrate referred to
herein may be processed, before or after exposure, 1n for
example a track (a tool that typically applies a layer of resist
to a substrate and develops the exposed resist), a metrology
tool and/or an inspection tool. Where applicable, the disclo-
sure herein may be applied to such and other substrate
processing tools. Further, the substrate may be processed
more than once, for example in order to create a multi-layer
IC, so that the term substrate used herein may also refer to
a substrate that already contains multiple processed layers.

Although specific reference may have been made above to
the use of embodiments of the invention in the context of
optical lithography, i1t will be appreciated that the mnvention
may be used in other applications, for example 1mprint
lithography, and where the context allows, 1s not limited to
optical lithography. In imprint lithography a topography 1n
a patterming device defines the pattern created on a substrate.
The topography of the patterning device may be pressed into
a layer of resist supplied to the substrate whereupon the
resist 1s cured by applying electromagnetic radiation, heat,
pressure or a combination thereof. The patterning device 1s
moved out of the resist leaving a pattern 1n 1t after the resist
1s cured.

The terms “radiation” and “beam” used herein encompass
all types of electromagnetic radiation, including ultraviolet
(UV) radiation (e.g. having a wavelength of or about 363,
248, 193, 157 or 126 nm) and extreme ultra-violet (EUV)
radiation (e.g. having a wavelength 1n the range of 5-20 nm),
as well as particle beams, such as 1on beams or electron
beams.

The term ““lens”, where the context allows, may refer to
any one or combination of various types of optical compo-
nents, including refractive, reflective, magnetic, electromag-
netic and electrostatic optical components.

While specific embodiments of the invention have been
described above, it will be appreciated that the invention
may be practiced otherwise than as described.

The descriptions above are intended to be 1llustrative, not
limiting. Thus, 1t will be apparent to one skilled 1n the art that
modifications may be made to the invention as described
without departing from the scope of the claims set out below.

What 1s claimed 1s:
1. An object table system comprising:
a support surface configured to support an object; and
a lifting mechanism configured to displace the object from
the support surface in a support direction substantially
perpendicular to the support surface, the lifting mecha-
nism comprising:
one or more elongated rods, extending in the support
direction, configured to support the object at a dis-
tance from the support surface, the one or more
clongated rods being displaceable between a first
position, wherein the one or more elongated rods are
positioned below the support surface, and a second
position, wherein the one or more elongated rods
protrude from the support surface through one or
more apertures of the support surface;
a housing, at least partly enclosing the one or more
clongated rods;
an actuator configured to displace the one or more
clongated rods between the first position and the
second position; and
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a locking mechanism configured to limit a rotation
about a longitudinal axis of the one or more e¢lon-
gated rods, the locking mechanism comprising an
clastic element that 1s mechanically connected to
both the housing and the one or more elongated rods,
the elastic element being configured to have a com-
paratively low stiflness 1n the support direction and
a comparatively high stiflness in a rotational direc-
tion about the longitudinal axis, wherein the elastic
clement comprises a leal spring.

2. The object table system according to claim 1, wherein
the leafl spring 1s a bended leaf spring.

3. The object table system according to claim 1, wherein
the actuator 1s an electromagnetic actuator comprising a coil
assembly mounted to the housing and a permanent magnet
assembly mounted to the one or more elongated rods.

4. The object table system according to claim 1, wherein
the lifting mechanism further comprises a position measure-
ment system configured to measure a position of the housing,
relative to the one or more elongated rods in the support
direction.

5. The object table system according to claim 1, wherein
an end portion of the one or more elongated rods 1s config-
ured to hold the object by vacuum suction.

6. A lithographic apparatus comprising:

a support constructed to support a patterning device, the

patterning device being capable of imparting a radia-

tion beam with a pattern 1n 1ts cross-section to form a

patterned radiation beam;

a substrate table constructed to hold a substrate; and

a projection system configured to project the patterned

radiation beam onto a target portion of the substrate,

wherein the support and/or the substrate table comprises
an object table system according to claim 1 to support
the respective patterning device and/or substrate.

7. The object table system according to claim 1, further
comprising a bearing configured to enable a substantially
frictionless displacement of the one or more elongated rods
between the first position and the second position.

8. The object table system according to claim 7, wherein
the bearing includes a pair of cylindrical gas bearings
arranged along the longitudinal axis, and wherein the actua-
tor 1s arranged 1n between the pair of cylindrical air bearings,
along the longitudinal axis.

9. An object table system comprising:

a support surface configured to support an object; and

a lifting mechanism configured to displace the object from

the support surface in a support direction substantially

perpendicular to the support surface, the lifting mecha-
nism comprising:

one or more elongated rods, extending in the support
direction, configured to support the object at a dis-
tance from the support surface, the one or more
clongated rods being displaceable between a first
position, wherein the one or more elongated rods are
positioned below the support surface, and a second
position, wherein the one or more elongated rods
protrude from the support surface through one or
more apertures of the support surface;

a housing, at least partly enclosing the one or more
clongated rods;

an actuator configured to displace the one or more
clongated rods between the first position and the
second position; and

a locking mechanism configured to limit a rotation
about a longitudinal axis of the one or more elon-

gated rods, the locking mechanism comprising a self
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aligning bearing, the self aligning bearing having a
first member connected to the elongated rod and a
second member, connected to the housing, co-oper-
ating with the first member to form the self aligning
bearing, the first member comprising a {irst bearing
surtace and the second member comprising a second
bearing surface; the first and second bearing surfaces
being constructed and arranged to limit the rotation
about the longitudinal axis of the one or more
clongated rods, and wherein the first and/or second
bearing surfaces 1s displaceable to provide seli-
alignment of the first bearing surface relative to the
second bearing surface.

10. The object table system according to claim 9, wherein
the the self aligning bearing 1s a gas bearing.

11. The object table system according to claim 9, further
comprising a bearing configured to enable a substantially
frictionless displacement of the one or more elongated rods
between the first position and the second position.

12. The object table system according to claim 11,
wherein the bearing includes a pair of cylindrical gas
bearings arranged along the longitudinal axis, and wherein
the actuator 1s arranged 1n between the pair of cylindrical gas
bearings, along the longitudinal axis.

13. The object table system according to claim 9, wherein
the actuator 1s an electromagnetic actuator comprising a coil
assembly mounted to the housing and a permanent magnet
assembly mounted to the one or more elongated rods.

14. The object table system according to claim 9, wherein
the lifting mechamism further comprises a position measure-
ment system configured to measure a position of the housing
relative to the one or more elongated rods in the support
direction.

15. The object table system according to claim 9, wherein
an end portion of the one or more elongated rods 1s config-
ured to hold the object by vacuum suction.

16. A lithographic apparatus comprising:

a support constructed to support a patterning device, the

patterning device being capable of imparting a radia-
tion beam with a pattern 1n its cross-section to form a
patterned radiation beam;
a substrate table constructed to hold a substrate; and
a projection system configured to project the patterned
radiation beam onto a target portion of the substrate,

wherein the support and/or the substrate table comprises
an object table system according to claim 4 to support
the respective patterning device and/or substrate.

17. A device manufacturing method comprising:

projecting a beam of radiation onto an object; and loading

an object

onto an object table using a lifting mechanism to displace

the object relative to a support surface of the object
table, the lifting mechanism comprising;:
one or more elongated rods, extending 1n a support
direction substantially perpendicular to the support
surface, supporting the object at a distance from the
support surface, the one or more elongated rods
being displaceable between a first position, wherein
the one or more elongated rods are positioned below
the support surface, and a second position, wherein
the one or more elongated rods protrude from the
support surface through one or more apertures of the
support suriace;
an actuator displacing the one or more elongated rods
between the first position and the second position;
and
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a locking mechanism configured to limit a rotation
about a longitudinal axis of the one or more e¢lon-
gated rods, the locking mechanism comprising an
clastic element that 1s mechanically connected to
both the one or more elongated rods and a housing 5
that at least partly encloses the one or more elon-
gated rods, the elastic element configured to have a
comparatively low stifiness in the support direction
and a comparatively high stiflness 1n a rotational
direction about the longitudinal axis, wheremn the 10
clastic element comprises a leal spring.

18. The method according to claim 17, further comprising
measuring a position of the housing relative to the one or
more elongated rods in the support direction.

19. The method according to claam 17, wherein an end 15
portion of the one or more elongated rods holds the object
by vacuum suction.

20. The method according to claim 17, further comprising
using a bearing to enable a substantially frictionless dis-
placement of the one or more elongated rods between the 20
first position and the second position.
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